In a previous publication Salo (1965) presented an analysis method in which the carbohydrates in foods were determined as groups and different sugar anhydrides were determined from heterogeneous groups. In this way, for example the digestibility of different kinds of carbohydrates can be established in digestibility trials. However, for many practical purposes this kind offractination is unnecessarily complicated. A division into two groups would be sufficient: one group would consist of the carbohydrates which are hydrolysed by the digestive juices, namely sugars, fructosan and starch. The second group would consist of those carbohydrates which are decomposed only by microbial action, i.e. hemicellulose and cellulose. The latter group could in many cases also include lignin.
(1963) a part of the hemicellulose is dissolved. In the studies carried out by Rubner (1916a Rubner ( , 1916 Rubner ( b, 1919 at the beginning of this century, on the other hand, results approximating rather closely the total amounts of cell-wall material were achieved, the methods are very complex for routine work, however. The procedure of Paloheimo and Vainio (1965) , requiring differentcorrection determinations, is also laborious, even though it gives a rather accurate determination of the complex of cell-wall substances in animal foods.
The purpose of the present investigation was to find out whether by treating vegetables with proteolytic enzymes it is possible to obtain a residue which roughly corresponds to the cell-wall complex. In starch-containing material, diastase would also be used in the treatment. From the carbohydrate investigations of Salo (1965, p. 44) it was known that the hemicellulose in vegetables is readily soluble. Thus it could be assumed that if the major part of the protein in the sample dissolved, a part of the hemicellulose would also dissolve. Since a protein correction was not desired in the procedure, it was decided to investigate which extraction method would be most successful in dissolving as much protein as possible and only a little of the hemicellulose, and further, whether the amounts of dissolved hemicellulose and protein remaining in the residue were approximately equal in magnitude.
Materials
The experimental material consisted of 12 different kinds of vegetables whose detailed analytical data are given in a separate paper (Salo 1967) . The samples were dryed in a vacuum oven at 40°and ground using a sieve No. 40 (0.42 mm).
Methods and results
As the basis of the method, the proteolytic enzymes pepsin, trypsin and papain were employed, for starch-containing materials diastase was added. Comparisons were made with the sum hemicellulose -f-cellulose -j-lignin (Salo 1967 (Salo 1967 Other experimental results and observations. In trying out various alternative methods, the following observations were made:
Preliminary extraction is necessary, especially for the sake of filtration, and ethanol is a suitable solvent for this purpose. Ethanol-benzene (1; 2) is satisfactory for some of the vegetables, bur for others the filtration is just as slow as without extraction. A consequence of slow filtration is inadequate washing, in which e.g. salts of the buffer solutions remain in the residue. 0.1 N HCI at 40°dissolves large quantities of hemicellulose in all the vegetables, a fact which was already known from previous experiments (Salo 1965, p. 44) . In such an acidic solution, pepsin effectively dissolves protein.
Even 0.01 N HCI dissolves some hemicellulose in vegetables. In some of the vegetables pepsin effectively dissolves protein also in this solution, but in many plant materials so much alkaline matter is dissolved that the pH of the solution may rise from the initial pH 2 to more than pH 3.5. Since the activity of pepsin decreases considerably even around pH 2.5 -3, Sorensen's citrate buffer (pH 1.6) was used, as a result of which the pH stayed within the range 1.7-1.9. In this solution pepsin decomposes protein nearly as well as in the 0.1 N HCI solution (pH 1) while at the same time it dissolves considerably less hemicellulose than in the latter solution.
Trypsin was first tested in distilled water. The result was the same as for pepsin in 0.01 N HCI: in some of the vegetables the pH changed, in this case decreased, so much that the decomposition of the protein was weakened and filtration was delayed. A suitable buffer was Me Ilvaine's citric acid + phosphate buffer, pH 7.2. The vegetables caused virtually no change in the pH of this solution.
Papain was tried in the same kind of buffer solution and pH as trypsin. Experiments were made with only a few samples, since papain proved to be more difficult to handle than the other two enzymes. The commercial papain preparation employed contains some insoluble additive. The results were nevertheless about the same as in the trypsin treament.
Since unexpectedly large amounts of hemicellulose dissolved from the vegetable materials in the 40°treaments, experiments were made with trypsin and papain at room temperature, using onion and broccoli as test materials. The time of enzymatic treatment was 20-70 hours. It was found that at such a low temperature the activity of both enzymes is considerably decreased. The amount of protein remaining in the residue was nearly three times as great as in the treatment at 40°.
Some hemicellulose dissolved even at room temperature, especially in onion, while the same occurred with a simple aqueous extraction at room temperature. The use of thymol and toluene in small quantities did not appear to depress the activity of the enzymes. Table 2 . The residue contains, as expected, more protein and ash than the residue after enzyme treatment, moreover it also has starch and some salts of organic acids. An additional experiment made with the organic acid salts showed that Ca-oxalate and Ca-citrate do not dissolve in 80 % nor in 60 % ethanol. The corresponding K and Na salts of these acids dissolve in 60 % but not in 80 % ethanol, a fact which explains the differences in the ash content of the residues. In the pepsin and trypsin treatments the K and Na salts dissolve but the Ca-oxalate is insoluble; moreover, the Ca-citrate remained undissolved in the trypsin treament.
If mere boiling in ethanol were to be taken as the basis for determining the cell-wall complex, the method would have to comprise several correction determinations. Furthermore, the ethanol solution would have to be especially strong. In the case of many vegetables, it is observed that the corrected results are smaller than the sum of the cell-wall carbohydrates and lignin, which is used as control. This is evidently due to the solution of some of the cell-wall polysaccharides or other sugar anhydride-containing compounds in 60-80%boiling ethanol (Salo, 1965p.53) . The determinations for the control values were made from samples which were untreated for determining the uronic anhydrides and extracted in about 90 % ethanol for determining the other cell-wall carbohydrates. The value as regards uronic anhydrides is thus slightly too high for comparison.
Su mm ary
The paper describes the results of experiments in which 12 different vegetables were treated with pepsin, trypsin or trypsin + diastase in buffer solutions. The effects of certain variations in the methods on the final results are also discussed. The purpose of the study was to find out whether it would be possible to develop a simple procedure that would yield a residue roughly corresponding to the cell-wall complex in readily soluble plant materials such as vegetables. However, such great differences were found in the solubility of hemicellulose and protein among the different materials that good results cannot be achieved by a uniform method, at least not without many correction determinations.
